The results obtained from the wind-tunnel investigations showed that the drag force increases with the increasing of free-stream velocities. The minimum drag coefficient can be achieved with fastback configuration, comparing with the other tested models and result in approximately 16% and 48% lower than that for notch and square back configurations, respectively. These results are demonstrated by the pressure distribution curves which provide a deep understanding of the flow behavior above the tested models.
NOMENCLATURE

INTRODUCTION
The studies of external flows around the bodies have a great importance in many engineering applications. Safe design, handling and performance of airplanes, ships, missiles, compressors, turbines, trains, and automobile bodies can benefit from a general understanding of these flows, different forces and moments associated with this flow around bodies.
In automobiles aerodynamics and specially the subject of drag reduction have more important in recent years due to the rapidly increasing in fuel prices and exhausting resources. In road vehicles as an aerodynamically well designed can spends the least power in overcoming the drag exerted by air and hence exhibits higher performance-cruises faster and longer, that too on less fuel (1) . For better fuel economy, greater vehicle performance and improvement the road holding and stability in move, has prompt the aerodynamicist to exert a lot of researches on the flow field and drag reduction for different body shapes and speeds.
When the road vehicle is moving at an undistributed velocity in a fluid stream, a force is exerted on the road vehicle which may be inclined to the flow direction. This force is called aerodynamic force and represents the sum vector of two forces, first, tangential force (shearstress force) result due to effect viscosity and velocity gradient at surface boundary-layers, secondly, normal force result due to difference in pressure distribution around the road vehicle surfaces. Component of this force parallel and opposite to the direction of flow past the road vehicle body is known as aerodynamic drag (resistance force) (2) .
Aerodynamic drag force is the force acting on the vehicle body resisting its forward motion, and split into two main types, skin friction drag (induced drag)which is related to the project area and form drag (pressure drag). The pressure drag force is an important force to be considered while designing the external body of the vehicles, since it covers about 65% of the total force acting on the complete body (3) .
The major factors which affect the flow field around the vehicle are the formation of boundary layers, separation of flow field; friction drag and lastly the pressure drag (4) .
Separation and reattachment are the particular interest when study the external flow.
Separation occurs when the mean stream separates from the surface of the body, and causes large drag. Separation may result from a stream wise pressure increases or effect of the rear end of the road vehicles curvature.
One of the main causes of the base drag force in road vehicles is the separation of flow near the vehicle rear end and formation wake zone at downstream. To delay flow separation and consequently minimize the wake zone, boat-tailing and tapering the rear end configuration can result in a considerable drag reduction.
Numerous investigations have been reported on base drag reduction of automobiles over few decades. Dheeraj S., Akshoy R., Ravi R. and Anuj J. In present study, we have explored the effect of rear end configuration on the drag force and the flow field of the automobiles, since rear end shape has a major effect on the total drag and can also is responsible up to 35% of vehicles drag, which is more than the influence of front body. It is very important to find a proper shape of rear body surface which brings the divided stream line smoothly together, as shown in figure (1) (3) .The carried investigation to show which shape are aerodynamically best at reducing the drag force.
EXPERIMENTAL SET-UP
In this paper, the experimental tests were carried out in an open circuit, low speed, and three-dimensional suction type wind-tunnel. The transparent test section made out of glass with dimensions (40×35×35) cm, as shown in figure (2), the air through which has drawn by 12-blades fan which are rotated by 8hp variable speed electric motor, and the free stream velocity was measured by Pitot -static tube placed at the entrance of the test section.
The tested velocities were varied 11.31, 13.86, 17.89 and 22.98m/sec, given a corresponding
Reynolds number ranging between (0.68 -1.27) ×10 5 (based on the model length).
The experiment were carried out using three popular shapes on a geometrically similar and in scale down (1:18) wooden models, as shown in figure (3). They are different from the prototype (Audi 80 1987) only in size. To achieve the dynamics similarity, it is required to build a full scale. The model dimensions turned out to be very large compared with the dimensions of the test-section. In order to avoid the blockage effect, so the scale has been chosen carefully based on the test-section size of tunnel was made keeping in view the percentage blockage is less than 7.5% (8) . A cross-section area of 80cm 2 was maintained for all tested models. In present work, the free stream velocity, drag force and pressure variations are measured as follows: The free stream velocity calculations are done by using the equation (1) (9, 10) :
And the corresponding Reynolds number is calculated using equation (2) (9, 10) :
The drag force and local static pressure measurements are taken as follows:
a) The first model (square back) configuration was mounted in the wind tunnel test-section on aerodynamic strut and then to single component balance device which placed under the wind tunnel test section. It was not in any way touch the test-section walls, otherwise, the wind tunnel vibrations will be transmitted to the balance device and causing undesirable reading.
b) The Pitot -static tube and pressure taps connection to the multi-tube manometer was checked.
c) The wind tunnel will be operated and the speed adjusted to the first speed 11.31m/s and for five minutes allowed to get steady and uniform flow.
d) The model will be moved down due to effect of drag force. In order to counterbalance these force adding the dead weight to the balance device until the model came back to the level position and then recorded the amount of weight which counterbalance the drag force. By taking the moment about the pivot point (B), we get the drag force (D):
Drag force (D) values for notchback, fastback and square back at the tested velocities are calculated by equation (3) and are given in Table (1). The drag coefficient (Cd) is calculated by using equation (4) (9, 10) below:
The drag coefficient (Cd) values for notchback, fastback and square back at the tested Reynolds number are calculated by equation (4) and listed in Table (2). e) The local static pressure from multi-manometers was observed and recorded in (cm-H2o).
The pressure coefficient (Cp) is calculated by using equation (5) (9, 10) below:
f) The wind tunnel speed will be increased to 13.86m/s and repeated the steps (c, d and e) and recording the above readings for the second speed. Repeat the same steps for the third and fourth speeds 17.89 and 23.98m/s, respectively. g) Similar measurements were done for the notch and fast back configurations, by repeating the steps (a, b, c, d , e, and f).
DATA REDUCTION
i.
Pitot -static tube-By applied the Bernoulli's equation locally to convert the dynamic pressure to local stream wise velocity component, equation (2) .
ii. Drag force-convert the dead weight counterbalance to the drag force by taking the momentum about the pivot point, and then to the drag coefficient, equation (4).
iii. Surface Pressure Distribution-Convert the measured static pressure differences (in cm.H2O) and free stream dynamic pressure to local pressure coefficient (Cp), equation (5).
RESULTS AND DISCUSSION
4-1. Pressure coefficient
The figures (7, 8, and 9) For the square back configuration, when the rear end surface having a sharp inclination, the boundary layers and its interaction with the local pressure gradient plays a significant affecting in the flow over the rear end and causes the flow to separate at the top of rear end resulting in a low negative pressure (negative pressure coefficient) and causes a large wake zones behind it. It's evident that from figure (7) the whole base area is subjected to negative pressure. 
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For notch back model, with a stepped rear end body. The separates airstream over the rear roof edge and due to downwash causes it to reattach itself to the body downward near to the edge of boot, the pressure coefficient rises over the base, and resulting in wake zone in smallest size compared with that in square back configuration, as shown in figure (8) .
The optimum shape among the tested models is the fast back, where the pressure gradient changes from being negative to positive pressure (increasing pressure), indicating that the boundary layers separation occurs further downstream on the rear end than that for the square and notch back configurations. This resulting in smallest size of the wake zone and consequently in low drag force, as shown if figure (9).
4-2. Drag force
Figure (10) shows that the variation of drag force (FD) with the free-stream velocity for the three different models (square, notch, and fastback) configurations, the behavior of curves are identical to that in theoretical, it is increases as the free-stream velocity increased, and this can be attributed to the boundary layer thickness adds to the effective thickness of the tested model which leads to increase the pressure drag. It is interesting to observe that the drag force
for fast back configuration at tested velocity 11.39 m/sec is lower than that for square and notch back in 86 percent and 24 percent, respectively. These percentages decreased with increasing the velocity and become 18 percent and 9% percent at free stream velocity 23.98m/sec. This can be attributed to the fact that the fastback is more streamline in the profile in the rear portion so the separating streamlines occurs at the lowest point of the rear end and the wake is correspondingly smaller resulting in low drag force. According to the present results, the maximum drag coefficient 0.9 and 0.56 occurs at Re=0.62 ×10 5 for square back and notchback, respectively, whereas, for fastback is 0.48. (12) and this refer to flow pattern where separated boundary layers take place further downward along the rear end surface than before.
4-3. Drag coefficient
CONCLUSION
From the data and analysis of results undertaken in this study considering the effects of the rear end configuration on the flow field and drag force for road vehicles, it is possible to conclude the following:
1-The fastback configuration has a mean drag force less than that for square back and notchback configuration in 16% and 48%, respectively. This due to the difference in shape especially in the rear back. In fastback the rear portion profile is most aerodynamically shape.
2-The results obtained were very confirmed with the theoretical understanding of variation of drag force, drag coefficient with the air velocity and Reynolds number. 
